DBA/2FG-pcy and C57BL/6FG-pcy congenic strains were established by transferring the polycystic kidney disease gene, pcy, to DBA/2 and C57BL/6 mice. We carried out pathological and hematological examinations of these strains at 4, 8, 16 and 30 weeks of age. In DBA/2FG-pcy mice more than 8 weeks of age, macroscopic renal cysts were observed on the surface of both kidneys.
Their kidneys weight was significantly greater than in DBA/2 mice at all ages examined. Microscopic renal cysts were evenly distributed at 4, 8 and 16 weeks of age. At 30 weeks of age, the kidneys were filled with numerous polycysts. In C57BL/6FG-pcy mice, no macroscopic renal cysts were found until the animals were 30 weeks old, and the weight of their kidneys was greater than in B 6 mice of the same age. From 8 weeks of age on, a limited number of mioroscopic renal cysts was observed, and many renal cysts were found adjacent to the enlarged Bowman's capsules. With age, the red blood cell count and hematocrit level decreased while the platelet count increased in both strains, with greater changes occurring in DBA/2FG-pcy mice than in C57 BL/6FG-pcy mice. These findings demonstrate that polycystic kidney disease exhibits strain differences in animals with a DBA/2 and C57BL/6 background.
Our results suggest that phenotypic expression of the pcy gene in the mouse depends on genetic background, and that variations in the severity of human polycystic kidney disease may be explained, at least in part, by individual differences in genetic background.
Human polycystic kidney disease (PKD) is a genetic disease caused by an autosomal dominant or recessive mutation. Its pathogenesis, however, is not clearly understood [11] . Potter classified PKD into the following four types based on the appearance of microscopic renal cysts, clinical symptoms and general observations [6] [2, 4, 7] . This strain was very similar to human autosomal recessive PKD, because the disease progressed rapidly in the neonatal period resulting in death at age 3 to 4 weeks [41. In 1973, Takahashi found a few mice in the KK inbred strain suffering from spontaneous PKD. He established a substrain exhibiting PKD similar to the type-III PKD in which renal cysts develop in adults. This disease progressed slowly in the KK strain resulting in death at approximately six months of age [9] . In the late stages both anemia and azotemia were observed [8, 9, 10] . This abnormality was shown to be genetically controlled by an autosomal recessive mutation [8, 9] . The mutant gene was initially referred to as cy (KK/cy substrain) [8, 9] , then renamed pcy (polycystic kidney disease) in 1989 at the suggestion of Dr. M. T. Davisson (The Jackson Laboratory). In order to investigate the effect sof genetic background on the expression of the pcy gene, two congenic strains, DBA/2FG-pcy (D2-pcy) and C57BL/6FG-pcy (B6-pcy), were established by transferring the pcy gene to DB A/2 (D 2) and C57BL/6 (B 6) mice, respectively. Strain differences were examined pathologiaclly and hematologically. The mice were used at 4, 8, 16 and 30 weeks of age. Each experimental group consisted of six animals, males and females. They were anesthetized by ether inhalation. Blood samples were collected from the heart. Pathological examination : Kidneys were first examined macroscopically, then weighed. All samples were fixed in 10% phoshate-buffered f ormalin and embedded in paraffin.
Thin sections (4pM) were deparaffinized and stained with hematoxylin-eosin (HE) or by the periodic acid-Schiff reaction (PAS).
Hematological examinations : Ethylenediaminetetraacetate disodium (EDTA) 1 mg/ml was added to the blood samples. The red blood cell (RBC) count was determined by a Microcellcounter (CC-110 System, Japan), the platelet count (PLT) by a Unopetto (5885 Becton-Dickinson, U. S. A.), and the hematocrit level (Ht) by the microhematocrit tubule method.
Statistical analysis : Differences between mean values were assessed by Student's t test. P <0.05 was considered significant.
Results
Gross examination : No cysts were observed on the surface of the kidneys in any of the D2 or B6 mice at any age examined (Figs. 1 A, C). In 8-week-old D2-pcy mice, some renal cysts were found on the surface of the kidneys. The kidneys progressively enlarged with age. At 30 weeks of age, the kidneys had enlarged considerably, and numerous cysts were found all over both kidneys (Fig.1B) .
No renal cysts were observed in B6-pcy mice, on the other hand, until they were 16 weeks of age. At 30 weeks of age, a few renal cysts were found on the surface of the kidneys (Fig. 1D) . The kidneys of B6-pcy mice (Fig. 1  D) were noticeably smaller than those of D2-pcy mice (Fig. 1B) . With regard to renal cysts, no differences between right and left kidney and no sex differences were observed in the two congenic strains.
Kidney weight : The ratios between total kidney weight and body weight (K/B ratios) in D2, D2-pcy, B6 and B 6 -pcy mice are shown in Table 1 . The K/B ratio increased significantly with age in D2 male mice and D2-pcy male and female mice. However, no relation to age was observed in D2 female mice. Significant differences were observed between D2 and D2-pcy mice of both sexes at all ages examined.
In B6 male mice, the K/B ratio of 30-weekold mice was smaller than in 4-week-old mice. In B6-pcy male mice, the K/B ratio of 16-weekold mice was higher than in 4-week-old mice. In B6 and B6-pcy female mice, the K/B ratio at 8,16 and 30 weeks of age was smaller than at 4 weeks. The differences between B6 and B6-pcy mice of both sexes were significant at 16 and/ or 30 weeks of age. Significant strain differences were observed between D2 and B6 mice of both sexes at 8, 16 and 30 weeks of age. Similarly, strain differences were evident between D2-pcy and B6-pcy mice of both sexes at all ages examined.
These results show strain difference between D2 and B6 mice as reflected in the K/B ratio. They show that the pcy gene induces an increase in the K/B ratio in animals with both genetic backgrounds although the increase is larger in mice with the D2 than with the B6 background.
Pathological examination : In D2-pcy mice, Fig. 1 . Macroscopic photographs of the kidneys in D2 (A), D2-pcy (B), B6 (C) and B6-pcy (D) male mice at 30 weeks of age. In D2-pcy mice, both kidneys are noticeably enlarged, and numerous cysts are found throughout the kidneys. In B6-pcy mice, only a few renal cysts are found on the surface of the kidneys, which are clearly smaller than in D2-pcy mice. at all ages examined, enlarged renal tubules and renal cysts were evenly distributed throughhout the kidney (Fig. 2 A, C) . The number and size of the renal cysts were larger at 8 than at 4 weeks of age. Some epithelial cells of the renal cysts were flattened or detached from the renal tubules, and slightly enlarged Bowman's capsules were frequently observed (Fig. 3 A) . At 16 weeks, renal cysts were distributed diffusely, and the number and size of the renal cysts had increased over the corresponding parameters for 8-week-old mice (Fig. 3 C) . Proliferating epithelial cells and connective tissue cells were found in and around renal cysts of various sizes (Fig. 3 C) . Some renal cysts were filled with PAS-positive casts. At 30 weeks of age, the kidney was filled with numerous polycysts (Fig. 2 C) .
In B6-pcy mice some enlarged renal tubules and renal cysts were observed at 4 weeks of age (Fig. 2 B) , with the number of renal cysts bein g smaller than in D2-pcy mice (Fig. 2 A) . At 8 weeks, renal cysts were distributed over a limited area in the kidney (Fig. 3 B) . They were found in areas adjacent to the enlarged Bowman's capsules (Fig. 3 B) . At 16 and 30 weeks of age (Figs. 3 D, 2 D ) the renal cysts were largerthan at 8 weeks of age (Fig. 3 B) .
These results demonstrate a strain differregard to the development of microscopic renal cysts. They show that the disease is more severe in D2-pcy than in B6-pcy mice. Table 2 .
[RBC] In both male and female D2 mice the RBC count increased significantly with age. In D2-pcy mice of both sexes the RBC count did not show any significant changes with age. A significant strain difference between D2 and D2-pcy mice was observed only in females at 16 and 30 weeks of age.
In B6 and B6-pcy male mice, the RBC count increased significantly with age. In B6 female mice, however, the RBC count did not show any relation to age. In 16-and 30-weekold B6-pcy female mice, the RBC count was higher than in 4-week-old mice. Effects of the pcy gene were observed only in 4-week-old mice of both sexes and in 30-week-old female mice. A significant strain difference between D2 and B6 mice was observed only in 16-and 30-weekold males. Similarly, a significant strain diffe rence between D2-pcy and B6-pcy mice was observed only in males at 8, 16, and 30 weeks of age, but not in females at any age examined.
[Ht] Ht did not increase significantly with age in either D2 or D2-pcy mice of either sex, B6 male mice or B6-pcy female mice. No relation to age was observed at all in B6-pcy males. In B6 female mice the Ht was significantly higher at 16 and 30 weeks than at 4 weeks of age. Effects of the pcy gene were significant only in 16-and/or 30-week-old mice of both strains.
[PLT] The only one of the four strains, in which a relation to age could be observed was B6 males. As result of the presence of the pcy gene, the PLT figures were significantly different in D2 and D2-pcy male mice at 8 and 16 weeks of age and in B6 and B6-pcy males at 8 and 30 weeks of age ; but no significant effects of the pcy gene were detected in females. A strain difference between D2 and B6 mice was observed in 4-and 8-week-old males and in 4-week-old females. A significant strain difference between D2-pcy and B6-pcy mice was obserrved in 16-and 30-week-old females but not in males.
These results suggest that the pcy gene, under the influence of the genetic background, has some effect on RBC and PLT count as well as Ht level. These effects, however, were less evident than the effects on the K/B ratio.
Discussin
Marked variations in the severity of the disease have been described in human adulttype PKD : In some families the disease is fatal, while in others a patient may attain an age of 70 or 80 years without reaching the end stage of this renal disease [11] . These clinical observations suggest that expression of the PKD gene is influenced by the genetic background of the patient affected, though precise genetic analyses of the human disease are difficult [11] . In this study, marked strain differences were observed between the D2-pcy and the B6-pcy congenic strain regarding various parameters such as the K/B ratio, RBC and PLT count and Ht level. Our findings clearly demonstrate that genetic background has a significant effect on expression of the pcy gene in a murine model of adult-type PKD. This further supports the concept that variations in the severity of human PKD can be explained, at least in part, by differences in genetic background [11] . Gattone et al. suggested that the source of the renal cysts in C57BL/6J-cpk mice is the proximal tubules and collecting ducts [4] . The primary defect caused by the cpk gene, however, remains unclear. We have established two congenic strains of adult-type PKD mice, D2-pcyand B6-pcy, having a different genetic background.
Further research on these model strains should shed light on the mechanisms of human adult-type PKD, including genetic interactions in the pathogenesis of this disease.
